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ABSTRACT

As part of EREP investigation $410 (Contract NAS9-13272), aimed at
assessing the atmospheric effects on data collected by the Skylab multi-
spectral scanner (S192), ground measurements of atmospheric properties
were made at a test site (EREP TEST/SITE 548532) in Ingham County, Michigan,
in support of ERIM aircraft overflights and a Skylab track 61 overpass
on 5 August 1973. The ground measurements will be utilized as a data
base for quantifying atmospheric properties and terrain object discrimin-
ability at the ground; while aircraft and Skylab data will eﬁable computing

object discriminability for extended atmospheric paths.
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1.0 INTRODUCTION

As part of EREP investigation S410 (Contract NAS9-13272), aimed at
assessing the atmospheric effects on data collected by the Skylab multi- -
spectral scanner (S192), ground measurements of atmospheric properties were
made at a test site (EREP TEST/SITE 548532) in Ingham County, Michigan, in
‘support of ERIM aircraft overflights and a Skylab track 61 6verpass on 5
August 1973. The ground measurements will be utilized as a data base for
quantifying atmosphéric properties and terrain object discriminability at
the ground, while aircraft and Skylab data will enable computing object
discriminability for extended atmospheric paths.

The ground measurements were carefully coordinated with the aircraft
and Skylab efforts in order that all data be complementary. Personnel
from ERIM's Infrared and Opties Division deployed to thé gsite, set up
ingstrumentation, and began data collection two hours prior to the satellite
overpass time of 11:00 a.m. EDT. Approximately one hour prior to satellite
overpass time, the‘ERIM C-47 aircraft began the first of 4 successive data
collection passes over the test site. Aircraft passes were made at altitudes
of 10K, 5K, 2K, and 1K feet with the 2K ft pass being simultaneous with the
time of satellite oﬁerpass. Data acquired with the aircraft included twelve
channels of ferrain radiance information collected by the M-7 multispectral
scanner and aerial photography for documentation purposes.

Ground measurements included total and diffuse broad band irradiance
and spectral irradi&nce to determine the characteristics of the incident
radiation. Radiance measurements of standard reflectance panels were made
to provide data that will assist in the analysis of the aircraft data.
Additionally, a Bendix RPMI was used to measure both radiance and irradiance
in the four ERTS equivalent bandwidths. This data will be used to compare
the atmospheric effects manifested in the ERTS spectral channels with effects
included in the spectral channels of Skylab. Finélly, an uﬁward looking camera
with fish eye lens documented the sky conditions at regular intervals.

This report presents the results of the ground measurements of
optical radiation parameters as functions of wavelength and time of day,

as observed on 5 August 1973, The results are presented in reduced form,

-1-
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with instrument calibrations.incorporated.
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Also included are laboratory
spectral reflectance curves for the standard reflectance panels and a

tabulation of metéurological data as reported by local weather reporting
stations. '
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2.0 GROUND MEASUREMENT PROGRAM

In the following material, the site layout is presented and the vari-
ous instruments and calibration techniques are described. The measurement
procedures utilized are also cutlined with pertinent comments included.
2.1 SITE

The test site was located on a recently mowed hay field in Ingham
County near the community of Williamston, which is roughly‘42° 39' north
latitude, 84° 14° ﬁeét longitude. All of the ground measurements were
conducted at this site., A set of calibration panels were placed on the
site and were available for measurement. The calibration panels are of
sufficient size to be "seen" by the scanner in the airplane, and thus pro-
vide a "known" target for the scanner. The panels consist of:

1. Five (5) 20 x 40 ft. canvas panels that were utilized as gray-

scale reflectance standards.
2. Three (j) 20 x 40 ft. canvas panels which were used as red,

green, and blue calibrated color standards.

Figure 1,_éhows the relative positions of the calibration panels
and the ground instrumentation.

Samples were taken from the eight calibration panels after the .
ground measurements were completed. The samples were subsequently measured
in the laboratory to determine the directional reflectance (pd) of the

panels.
2.2. INSTRUMENTATION

To facilitate the understanding and use of the ground truth measurements
taken, a brief description of the instrumentation used for these measure-
ments is presented. The instrumentation provided direct measurements of
spectral and breoad band irradiance as well as spectral radiance in the
visible and near-infrared portion of the spectrum.

A. Eppley Black and White Pyranometer (Model #B-48)

The Eppley pyranometer measures broad band radiation in the visible
near-infrared region. The pyranometer has a hemispherical field of view.
The detector in this instrument is a differential thermopile with the hot—
junction receivers blackened (with an Eppley-Parson's black coating) and
the cold-junction receivers whitened (with Barium Sulfate}. The detector

is covered with a glass hemisphere which is transparent from .28 to 2.8

-3-
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micrometers. The low level output signals from the thermopile are amplifi-

ed and recorded on a chart recoxrder.

The two pyranometers used were calibrated by Eppley Laboratory Inc.
The calibration was checked using a standard of spectral irradiance traceable
to NBS. An overall accuracy for the pyranometers, amplifiers, and recorder

may be derived from‘the following:

1. The output of the pyranometer changes by less than + 1.5%
as a function of temperature over the -20 to +40°C tempera-
ture range.

2. There is less than a * 1% deviation in linearity from the
expected linear relationship between the magnitude of the in-

cident irradiance and the pyranometers output signal.

3. The pyranometer's angular responge deviates by less than
+ 2% from the expected angular cosine response.

4. The gain of the amplifiers used was determined to an
accuracy of + 1%.

5. The chart recorder has an accuracy of + 1%.

Assuming that the errors outlined above are Gaussian in nature and indepen-
dent of eaqh other, the overall accuracy of the system ﬁay be calculated by
taking the square root of the sum of the squares of the errors. Thus, the
accuracy of the pyranometer measurements is calculated tc be approximately

+ 3%,

B. ISCO SR Spectroradiometer

This instrument is used to measure the solar spectral irradiance in
the wavelength region 0.4 through 1.35 micrometers. A transmissive diffusing
plate is used to achieve a hemispherical field of view. The light from
the diffuser is chopped and passed through an interference filter before
it reaches the silicon detector. The signal from the detector is amplified
and then synchronously detected. The ocutput of the synchronous detector
is then recorded on a strip chart recorder. The spectral bandpass of this
instrument is deterﬁined by the interference filter. The bandwidth of the
interference filter is 15 millimicrons in the 0.35 to 0.75 micrometer re-

gion and 30 millimicrons in the 0.75 to 1.3 micrometer region.

—-5-
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The ISCC SR .Spectroradjometer was calibrated against two sources of
spectral irradiance,both of which are traceable to NBS. The accuracy of
the sources is + 4% in the spectral region in which the ISCO operates. The
instrument was found to have a repeatability of better than + 5%. Assuming
that the errors outlined above are Gaussian in nature, the overall accuracy
of the ISCO Spectroradiometer may be calculated by taking the square root
of the sum of the sguares of the errors. Thus, the accuracy of the ISCO
Spectroradiometer is approximately + 6.5%. This accuracy is valid only
when the source being measured does not extend beyond an angle of 50° where

the angle is measured from the surface normal of the diffusing plate. For

angles greater than 50°, the response of the instrument differs significantly
from the expected cosine response. The angular response degradation increases

as the angle increases bheyond 50°.

C. GAMMA Scientific Telepheotometer (Model 2000)

The Mcdel 2000 is a photometer which is used to measure the magnitude
of reflected radiation off a surface in selected spectral regions. Spectral
bands of approximately 200 R are obtained using interference filters at
nominal center wavelengths of 0.433, 0.500, 0.533, 0.566, 0.600, 0.633, 0.666
and 0.700 micrometers. Five field of views of 2', &', 20', 1° and 3° are

available; the 3° field of view was used for all of the reported measurements.

The GAMMA telephotometer was calibrated with a radiance source that
congisted of a fiber board painted with 3M White Velvet paint illuminated

by a standard of spectral irradiance.

The accuracy of the GAMMA telephotometer may be calculated from the

following:

l. The accuracy of the spectral irradiance standard is + 4%.
2. The bidirectional reflectance (p') of the 3M White Paint
was determined to an accuracy of + 5%.

3. The instrument had a + 5% repeatability.

Again assuming. a Gaussian distribution, the overall accuracy is calculated to

be approximately + 8%.
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D. Bendix RPMI

The Bendix RPMI was used to measure both radiance and irradiance. The
RPMI has four spectral filters which correspond to the ERTS MSS bands 4, 5,
6 and 7 (Earth Resources Technology Satellite-MultiSpectral Scanner). Appen-—
dix 1 has been devoted to the details of calibration and interpretation of

the RPMI data.

2.3 MEASUREMENT PILAN
The measurement plan was designed to produce a series of measurements
of the incident broad band and spectral irradiance and the radiance of the

canvas panels, (l'and 2} with time as a parameter.

The two Eppley pyranometers méééﬁred the incident broad band irradiance.
Both of the pyraﬁometers were positioned so that their active surfaces were
horizontal and thus viewed the entire sky. One of the pyranometers viewed
both the sun and the sky while the other was shaded from the sun and thus

could view only the sky.

The ISCO measured the incident spectral irradiance in the .4 to 1.35
micrometer spectrum. The diffusing plate of the ISCO was positioned hori-
zontally so that it could alsc view the sun and sky. Two types of measure-
ments were made with the ISCO. In the first type, both the sun and the
sky were measured together (refeérred to as a measurement of "total" irra-
diance). In the second type of measurement, the sun was shaded, and only

the sky was measured (referred to as a measurement of "diffuse™ irradiance).

The GAMMA Scientific telephotometer measured the spectral radiance

of the gray reflecting panels numbers 1 and 2. The center wavelengths of
the spectral radiance measurements were .433, .500, .533, .566, .600, .633,
.666, and .700um. The panels were viewed with a depression angle of 68°
measured from the horizon. Gray panel number 1 was measured with the GAMMA
pointing in a westerly directioﬁ.(azimuth of 270°} while gray panel number 2
was measured with the GAMMA pointing in an easterly direction, {azimuth of 90°).

The Bendix RPMI measured:

1. "total" incident irradiance in the 4 RPMI spectral bands.

2. "@diffuse" incident irradiance in the 4 RPMI spectral bands.



Z FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

3. "direct" sclar irradiance in the 4 RPMI spectral bands.

(Note: To measure the "direct solar irradiance, the diffusing

plate's normal is peinted at the sun and most of the sky is

excluded'by installing the tube to restrict the field of view.)
As time permitted, measurements of sky radiance with a zenith angle of 0°
were also made.

Documentaticn of the changing cloud patterns were obtained by taking
sky pictures at regular intervals. The pictures were taken with a camera
equipped with spectral filters which enhance cloud sky contrast and a fish
eve lens which enables the entire sky to be photographed.

The ground measurements for all instruments were cycled at 15 minute
intervals commencing before the first overpass and continuing uptil the
aircraft had completed data collection over the test site.

3.0 DATA PRESENTATION - DISCUSSION OF RESULTS

L discussion of the results precede a presentation of the measurement
data in the following text. The measurement data presented consists of
1} broad band irradiance, 2) band irradiance, 3) spectral radiance, and
4) spectral irradiance.

The measurement data is followed by a tabulation of the hourly weather
reports for southern lower Michigan, and the laboratory measurements of
directional reflectance on the calibration panels. The sky pictures are
not presented since the sky did not have any definable clouds, only a uni-
form haze which does not show up on the photographs.

3.1 BROAD BAND IRRADIANCE (Eppley Pyranometer)

The curve in Figure 2 shows an increase in total broad band irradiance
from 9:00am to 11:00am {(all times are EDT). The increase is expected and
is accounted for by the sun's changing zenith angle. The diffuse broad
band irradiance decreases slightly from 9:00am to 11:00am. After 11:00am,
the total broad band irradiance levels off while the diffuse broad band
irradiance increases. The sudden changes in the two broad band irradiance
components is a result of the unusual on site weather conditions. Very
early on the morning of August 5, there were clouds in the vicinity of the

site which "burned" off before the data acgquisition routine commenced.



Viewing Sun and Sky

Eppley Pyranometer

11:00

Time E.D.T.

10:00

.05

nﬂu_\a soupTpezIr pueg beoig



Z FORMERLY WILLOW RUN LABORATQRIES. THE UNIVERSITY OF MICHIGAN

After the clouds burned off, a haze condition existed. This haze decreased
from 9:00am to around 11:00am at which time the amount of haze started to
increase. The haze gradually increased until about 11:35am (the data does
not cover this time) when clouds began to appear. The leveling off of the
total broad band irradiance and the increase in the diffuse broad band irra-
diance after 11:00am is caused by the meteorological conditions.

3.2 IRRADIANCE (Bendix RPMI)

All of the Bendix RPMI data were reduced using proportiomality con-
stants derived for the standard lémp (see the Appendix). This was done
so that the user could correct the data for a source whose spectral dis-
tribution 1s markedly different from the spectral distribution of a tungsten
lamp.

The data from the Bendix RPMI (figs. 3-6 and table 1) also show the
effects of the haze. The direct component of irradiance decreases after
11:15am as a result of the imcreased haze. The decrease in direct and
total irradiance observed at approximately 10:20am is due to an instrument
zero shift, The dashed line represents the "expected' values for that time.
Excepting the anomalous points mentioned above, the direct and total irra-
diance increase from 9:00am to 11:00am while the diffuse irradiance decreases
slightly,

The difference between direct and total irradiance increases with longer
wavelengths. This results from decreased gscattering of light by very small
particles as the wavelength of light increases. The fact that the direct
irradiance in some bands is higher than the total irradiance 1s expected.
For the direct irradiance measurements, the receiver is positioned so that
its surface normal is directed at the sun. For the total and diffuse
measurements, the receiver normal is positicned parallel to the earth's
gravitational vector.

Thus, the direct solar radiation intercepting the receiver will be
dependent on the receiver pointing. It can be expected that the direct
measurements values (E

DIR
The differences will be approximated by the relationship

)} will exceed the total measurement values (ET).

E E cos ©

7~ Epirr © Eprr

-10-
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where g is the zenith angle of the sun and E ig the diffuse component

DIFF
of irradiance.
3.3 SPECTRAL RADIANCE (Camma Scientific Telephotometer)

The data from the Gamma Scientific Telephotometer (figs. 7-12) show an
increase in panel radiance as a result of the increasing irradiance ineldent
upon the panels. Careful examination of the spectral radiance data show that
the ratio of the radiance values of the two gray panels change with time,

The change is caused by the varyving position of the sun relative to the panels
whose reflectance 1s not diffuse. Note that gray panel #1 was measured with
the Gamma pointing west while the Gamma pointed east for the measurements on
panel #2. Previous bidirectional reflectance measurements on similar canvas
panels has indicated that the changes observed are due to bidirectional
reflectance effects, Laboratory bidirectional reflectance measurements

were not made on these panels as funding was not available, The data

taken at 9:00am and 10:00am have not been included in this report because

of anomalies traceable to mistakes in data collection.

3.4 SPECTRAL IRRADIANCE (ISCO Spectroradiometer)

The spectral irradiance data is presented in both a graphical
{(figures 13-54) and a tabular format (tables 2-23). The praphical data
is self-explanatory; however, the tabular data requires some clarifilcation.
For the tabulated data, the column labeled cumulative integrated irradiance
gives the Integrated value of spectral irradiance from the first wavelength,
() = .4ym) to any of the subsequent wavelengths in the table. Therefore,
to determine the irradiance in a band (e.g. Al to kz), all that 1s necessary
from the value at A,

1 2
The final value in the table is the brecad band irradiance in the .4 te 1.35Um

1s to subtract the cumulative integrated value at X

spectrum,

It 1s also noted- that the wavelength .75um is repeéted, and two different
values for the spectral irradiance at .75um are given. This occurs at the
wavelength at which the ISCO changes spectral ranges and hence spectral
resolution. There is a water absorption band in the vicinity of .75um which
may cause the apparent discontinuity in the data. The first ISCO data

value at .75um is used in the integration, and plotted in the curves, since

~11-
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the spectral resolution of the first value is better than for the second
value.

The spectrai irradiance data acquired by the ISCO spectroradiometer are
in general agreement with the pyranometer and RPMI data. The total spectral
irradiance increases from 9:00am to 11:15 am and the diffuse spectral irradiance
stays approximately constant until around 11:30am. At 11:30am, the total
spectral irradiance values level off as a function of time and the diffuse
irradiance values increase as a result of the haze build-up, The spectral
dips at .93 and 1.12 micrometers are the result of water absorption bands
at those wavelengths., The diffuse spectral irradiance:data taken at 10:48am
are not ﬁresented because of anomalies traceable to mistakes in data collec-
tion.

3.5 WEATHER DATA

The weather data is taken from hourly weather reports from ten weather
stations in southern lower Michigan. The reports are tabulated according
toe the city nearest the station. The cities are: Lansing, Jackson, Battle
Creek, Grand Rapids, Bay City, Flint, Detroit City Alrport, Detreilt Metro
Airport, ¥psilanti, and Pontiac. These statlions effectively circle the
test site and thus provide regional weather information. Interpolations
between stations and over the test area can be obtained using the multiple
inputs.

One should note that the hourly weather reports for the Lansing area
indicate a clear sky, This observation is in direct contradiction with
our weather observations presented earlier. The explanation for the
discrepancy lles in the fact that our definition of a clear sky is more
stringent than the one used by the weather service. The tabulated weather
reports (table 24) are preceded by a map (figure 35) of southern lower
Michigan,

3.6 DIRECTIONAL REFLECTANCE (Beckman DK-II)
The laboratory measurements of directional reflectance (pd) on the

canvas calibratifn panels were made using a Beckman DK-II reflectometer.
f

-12-
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The panels were measured using Barium Sulfate (BaSO4) as a reference standard.
The data presented (figures 36-43) has been corrected for the reflectance

of Barium Sulfate and can be used as absolute data. The directional
reflectance measurements were checked on a Cary-14 reflectometer. While

the measurements produced by the two instruments agree qualitatively, the
data do not agree quantitatively. The source of the quantitative discrepancy
has at this time not been determined, and it is impossible to say which in-
strument is giving the better results. Because of the discrepancy, the

‘data should be used with the greatest caution when making quantitative com-
parisons. At the lower reflectances (i.e. Gray 1) the discrepancy observed
indicates the measurements could be in error by a factor of 2 or more.

For the higher reflectors (i.e. Gray 5), the observed discrepanciles amount

to only around 6%. Therefore, quantitative conclusions based on the low

reflectances should be avoided if at all possible.

-13-
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Table I

RPMI Data Tabulation for 8-5-73 - Williamston Test Site

LOCAL TIME

9:03
9:04
9:05
9:07

9:08

9:19
9:21

9:21

9:43
9:45

9:47

9:58
9:59
10:01

10:15

COMMENTS

A/C Pass 1 Mivs
West

A/C Pass N-S
1Mi West

A/C Pass
2Mi East

A/C 1 Mi.
East 5kft

REZERO

MEASUREMENTS

E TOTAL

E DIFF

E DIR

E DIR

E DIR

E TOT

E DIFF

E DIFF

E DIR

E DIR

E TOT

E DIFF

E TOT

E DIFF

E DIR

Irradiance Values Given In m:i.lliwat:s—cm“2

Radiance Values Giwven In milliwatts-cm_z-ster“

~18-

2.91

4,07

2.82

4.47

2.73

4.83

5.05

2.59

5.63

2.41

5.72

1

2.77

4.09

4.13

5.14

2.69

5.71

2.54

7.74

6.39

7.06

2.18

MSS BAND

2.57

5.27

5.33

2.21

8.84

6.62

1.93

3.90
1.70
6.36

6.56

5.59
1.47

B.77

9.35

6.17

6.75
1.22

10.22
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LOCAL TIME

10:16
10:20
10:23

10:26

10:27
10:28
10: 30
10:43
10:45
10:47
10:48
11:00
il:Ol
11:02
11:03
11:04

11:12

11:13
11:14

11:15

11:30

COMMENTS

1oktf., A/C
REZERO x1
more offset
than x03

A/C Z2kft.

A/C N-S
1000 ft

A/C 1k

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Table I Con't.

MEASUREMENTS

E DIR
E TOT
E DIFF

E TOT

E TOT

E DIFF
E DIR

E DIR

E TOT

E DIFF
L (0

E DIR

E DIFF

L (0)

E TOT
E DIFF
L {0)

E DIR

E DIR

Irradiance Values Given In m:i.lliwatts—cm*2

Radiance Values Given In milliwatts—cm-z—ster

-19«

-1

1.99

9.78

9.78

8.76

2.10

.63

9.94

8.24

l.87

10.60

1.90

-69

-10.87

10.40

7.52

1.12

10.60

10.70

10.80

B.58

l.16

.35

.49

10.99%9

10.51
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TYPE = TOTAL HEMI.
SITE = WILLIAMSTON

% d i J L b i L '} b
E A F T 1 L} T L) T L] L T
- 1
W 1 +
1
+
%
- -
ity +
m -
L we
Lud 1 f
x
] 1
<
o ]
— r
T
x
o F—+ 3
z E
5 ]
- -
=, wT
3 -
=
Ly
[&]
< 4
a
—y
)
T
£ -~ S
r I
= w ¥
o |
— -
o 1
Lt
o
b i
&
=1 I
I 1
wi i
T T
-+ +
F T
= : + —t t + : | + —t
.30 .50 W10 .30 1.10 1.30 1.50

WAVELENGTH MICROMETERS

FIGURE 23, ISCO SPECTRAL IRRADIANCE DATA

36



ERIM

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

TIME = 10:20 DATE = 8/ 5/73
TYPE = DIFFUSE
SITE = WILLIAMSTON

X108

L i i 4 i L i A L 4
T .l T U Y T T T ¥ T T -
.1—
wi
Ll -+
E by +
w -l 1
jra} T 4
£ d
. g T [
v
O J
— I
T
5 @
1 3 —
x I I
L= 1 1
T wt -
= 1 4
x
Lot 1
2 1
Ay
jom]
&
o= ——
vt 1 ]
— 1 E
| T 3
[l 0+ d
E L +
[&]
g L
I
g —— ——
—t E3 L
I 1
wT T
+
% —+ + —t- -+ + -+ + -+ : + 4
T .30 +50 .70 .80 1.10 1.3 1.50

WAVELENGTH MICROMETERS

FIGURE 24. ISCO SPECTRAL IRRADIANCE DATA
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ERIM

FORMERLY WILLOW RUMN LABORATORIES, THE UNIVERSITY OF MICHIGAN

TIME = 10:30 DATE = 8/ S/73

TYPE = TOTAL HEMI.
SITE = WILLIAMSTON
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ERIM

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHKAN

TIME = 10:34 DATE = 8/ 5/73
TYPE = DIFFUSE
SITE = WILLIAMSTON
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ERIM

FORMERLY WILLOW RUN LABORATORIES. THE UNIVERSITY OF MICHIGAN

TIME = 10:45 DATE = 8/ 5/73
TYPE = TOTAL HEMI.
SITE = WILLIAMSTON
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ERIM

FORMERLY WILLOW RUN LABORATQRIES, THE UMIVERSITY OF MICHT AN

TIME = 11:00 DATE = 8/ S/73
TYPE = TOTRAL HEMI.
SITE = WILLIAMSTON
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ERIM

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY CF MICHIGAN

TIME = 11:06 DATE = 8/ S/73
TYPE = DIFFUSE
SITE = WILLIAMSTON
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ERIM

SPECTRAL I1RARADIANCE MW/ (CM-CM-MICROMETER)

e

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAMN

TIME = 11:15 DATE = 8/ /73
TYPE TOTAL HEMI.
SITE = WILLIRMSTON
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FIGURE 30. ISCO SPECTRAL IRRADIANCE DATA
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ERIM

FORMERLY WILLOW RUN LABORATCORIES. THE UNIVERSITY OF MILIIIGAN

TIME = 11:19 DRTE = 8/ 5/73
TYPE = OIFFUSE
SITE = WILLIAMSTON
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ERIM

FORMERLY WILLOW RUN LABORATORIES. THE UNIVERSITY OF MICHIGAN

TIME = 11:23 DATE = 8/ 5/73
TYPE = TOTAL HEMI.
SITE = WILLIAMSTON
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ERIM

FORMERLY WiLLOW RUN LABORATORIES. THE UNIVERSITY OF MICHIGAN

TIME = 11:30 DATE = 8/ 5/73
TYPE = TOTAL HEMI.
SITE = WILLIAMSTON
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ERIM

SPECTRAL IRAADIANCE MW/ (CM-CM~MICROMETER)

FORMERLY WiLLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAM

TIME = 11:32 OATE = 8/ S/73
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SITE = WILLIAMSTON
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WILLIANMSTCN

CATE ¢~

WAVELENGTH

5-13

(MICROMETERS)

BF

«4CC
425
«45C
415
.9CC
«5EC
+525
«58C
«57¢
«£CC
«E12C
«B25
<EEC
«ET5
- 1CC
2120
+TEE
+TEC
«TEC
+8CC
«85C
«SCC
«53C
«S5C
l1.CCC
l1.C8¢C
1.1CC
1.12¢
la15C
1.2CC
l.28C
l.3CC
I.35C

TIME CS*CC

SPECTRAL IRRACIANCE
MILLIWATTSY
(CMu%2 & VICRCMETER}

1C.5C
2%.32
3&.7C
4Ca5C
J&.e8
4. 6C
34.5¢%
35,25
32.71
3%5.64
35.17
314,54
33.71
3%.78
31.64
21.E1
28.42
25.82
23.54
15. 84
21.13
14.8¢C
3.ES
Sab4
15.&C
13.86
4.E1
1.€62
3,45
1.C¢8
6.€1
4. L1
17

TABLE 2. ISCO SPECTRAL IRRADIANCE DATA

TITLE

= TCTAL FEW

SPECTRAL [RRALIANCE

WATTS/ .

(#2532 * MICRCMETER)
109.0¢
293.17
367.02
4C5.CC
366.79
246.C1
245.81
352.51
327 .08
158.44
351474
345.7¢
337.c8
357.82
318.41
318.08
284.22
25B.15%
235.3E
198.1¢
211.3C
l48.05%
38.9C
56.41
156.C0
138.51
48.C7
16.24
34.4¢
70.8C
66.C8
40.65
1.£5

CUMLLATIVE
INTEGRATEC IRRACIANCE
MILLIWATYS /7 CV #% 7

~CC

.5

1.23
2426
2.2¢
Z.67
4.14
£.CZ
£E.E87
E.T2
1.CE
T.£C
EL4E
Se22
1IC.17
1C.B1
1.6t
11.e8
11.t8
12.17
12.76
14.£5
14,57
1£.07
15.6¢
l€.32
l&¢EC
1¢.87
1€.G4
17.21
17.5¢
17.81
£7.62

CLMLLATIVE
INTECGRATEL IRRACIANCE
RATTS / ¥ 2% 2

+CC
£.C3
13.2¢8
Z2.61
32.5¢
35.71
4l.44
£C. 17
ERubE
€7.23
iC.78
71€.C1
84,55
G2.23
1C1. 6%
ICE.CS
1(5.5¢
11€.84
Llé. gy
127.¢8
137.62
l4€.51
146,71
ISCa€6€
128,67
1e3.35%
1EELC2
1eB. et
1£5,.42
1i2.C¢
175.48
1T1E.15
176.2¢C

A3
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WILLIANSTCN

CATE &-

£-13

WAVELENGTF
{MICROMETERS)

6

«A4CC
h2%
a4EC
«417E
«5CC
-52C
+52%
A E

=572
+&CC
«£1C
N i
«E5C
N
«7CC
«72C
« 1258
- TEC
«15C
+8CC
«BSC
«9CC
520
«55C
l1.CCC
1.C5¢
1.1CC
1.12C
1.15¢C
1.2CC
1.25¢C
1.3CC
1.35C

TEME CS*Ca

SPECTRAL IRRALTANCE
MILLIWATTS/
(CM%22 % MICRCMETER]

1i.1¢C
22.8C
32.45
13.5¢C
22.CS8
29. 8¢
iC.54
27.5¢
24.51
27.71
2€.11
29421
22.41
23.217
2C.¢€5
19.78
17.38
i¢.C¢
B.18
S.&1
Se T4
4438
l.eC
2.55
5.35
4.16
15

« 95
l.26
1.82
l.41
57
.C3

TABLE 3. ISCO SPECTRAL IRRADIANCE DATA

TITLE

= DIFFLSE

SPECTRAL IRRACIANCE
WATES/

(Max2 & MICRCMETER]
111.CC
228.0G2
324 .54
135.CC
320.94
298.517
205.37
219.55%
249 ,¢6H
21T.17C
2¢1.7%
252.7%
234.C7
232.6%
206.8¢
197.7€
1713.82
160.76
gl.84
96.1C
9T .40
43.65
15.5¢
29.55
53.92.
4160
7.92
S.45
12.¢62
18.24
14411
S.teE
29

CUMLLATIVE
INTECRATELDL IRRAECIANCE
PILLIWATTS / C¥ %% 2

«CC

L ¥s
.11
1.54
ce 11
2.39
2.6

P

4.27
4,513
.56
£.8¢
€.25
E.8¢
Tehd4
1.66
€.2%
£.45
E.5C
E.SC
G.2¢
S.E2
1€.158
1€.27
1C.32
1€.53
1C.77
1C.ES
1C.SC
1€.52
11.C1
11.C5
11.14
li.1%

CUNLLATIVE
INTEGRATEL IRRALIANCE
WATTS / K #% 2

.CC
Yae24
1l.14
16.44
21.65
13.E8
215.3%
42.7C
49,32
£5.51
SE.EL
£2.417
cBE.55
74,396
15.£8
£3,52
E4q,Be
£S.C4
€5.C4
3. 4%
S8,33
1C1.85
1¢2.175
102, 2C
1¢5.25
1C7.€8
1CE.S2
1C5,C5
106,32
11C.CS
11C,.5¢C
111.3%
111.54

Wi
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WILLIAMSTCN

CATE €&~

WAVELENGTH

£-13

(MICROMETERS)

0g

400
«AZE
«45¢C
<475
+2CC
520
«525
[3-3-18
«57%
«ECC
«E1C
«CEE
.E5C
«£15
.7CC
« 720
«7EE
«15C
£ 150
«8CC
«8EC
.5CC
+93C
-5¢C
E.CCC
1.C05C
1.1CC
la12¢C
l.15C
1.2CC
L.25¢C
1.3CC
1.35¢C

TIFE £9#15

SPECTRAL IRRACIANCE
MILLIWATTS/

TABLE 4. 1SCO SPECTRAL IRRADIANCE DATA

TITLE

{CMesZ % VICRCNETER)

i2.217
28.11
3%.32
45.5C
42.68
4C. 46
4C. 34
41.55
37.3%
43.3¢
42.32
41.22
4C.1C
42.25
38.16
38.C8
24,84
4. £E
2%. 1€
22.€1
23, €6
14.2¢
5.52
2.5¢
17.¢62
16.54
S5.2¢&
1. £C
hatB
8.13
Ta¢C
E.14
14

= TCTAL FEW

SPECTRAL [RRALC [ANCE
‘ WwATTS/

(M¥x2 ¢ MICRCNETER)-
122.74
281.C%
393.24
459,0C
428.82
4C4.61
403,38
415,45
173,51
433.61
423,15
413.1¢
4C0 .58
422.5C
3Bl .95
2180.61
348.3E
346,62
247.56
226.7%
238.9¢
142 .65
55,22
89.59
176.1¢
165,37
52.5%
17.58
46525
81.48
75.51
€l.44
1.217

CUPLLATIVE
INTECRATEL IRRACTAMNCE
MILLIWATTS / CM #3 2

.CC

+5C
1.2%
Z.41
2.5¢
4.3¢
4.5€

[} [

€.27

1.5¢€

E.C1

E.E2

Guk%
1C.L¢€
11.€%
12.45
lz.g2
12.5C

1.5¢C
14.€5
15.ES
l1¢.EC
17.1C
17.48
17.61
1E.7¢
15.31
15,326
15.48
15.8C
£C.1S
2C.52

2C.65%

. CULMLLATIEVE

INTEGRATEC [RRACIAKCE

WATTS

! F *f'! ?
+CC
5.C5
13,48
Z4.13
15,22
42,97
45.5%
EE.E2
ESLER
75.17
EC.Ce
EE.32
SE.51
1{¢€. BO
1ié.EE
124.48
12€.321
134,65
124,56
14¢.£%
15E.45
1E€ELC3
171.0C
1i2.45%
175.C6
IE7.£3
163,C¢
152,76
1%4.7¢
157.57
Z€1.5C
c(%5. 34
£CEL51

A3
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TABLE 5. ISCO SPECTRAL IRRADIANCE DATA

WILLIAVMSTCN

16

CATE &~ 5-73 TIME (C9%18 TITLE = CIFFLSE
SPECTRAL IRRACIANCE SPECTRAL IRRACIANCE CUMLLATIVE CUMLLATIVE
WAVELENGTEH MILLIWATTS/ WATTS/ INTEGRATEC IRRACIANCE - INTEGRATJEL IRRACIANCE
(MICROMETERS} (CM*%2 * NICRCMETER) (M*e2 % MICRCFETER} MILLIWATTIS /7 CM % 2 WATTS / M *% 2

«4CC 12.14% 121.43 +CC .CC
whEs 23.89 238.9¢ 1 S5.75
«45C 3E.C7 Ae0.C 1.45 14.5C
<415 _ 3%.4C 392.0C 2.35 23.91
«5C0 J4a.61 346.11 2.21 33,11
+54C ; 31.25 312.48 2.57 36.72
«525 31.02 310.22 4,12 41.2E
=55C 29.172 297.22 4,89 4B. 87
«515 25.78 257 .7T& S.5€ 55.E1
+&CC 28.C5 280.45 €.2¢ £2.54
«€1C 27.14 271.3€ £.52 £5.29
«625 25.81 258.14 £.53 £5.21
«65C 23.53 239.2¢8 T.5% 15.48
<15 23.6% 236.91 EJl4 £l.44
«7CC 2C.4C 2C4.02 B.ES Bb,. G5
«12¢ 15.€3 196.31 $.1C 5C.S5
aTé% 17.23 172.32 S.15% S1.E7
«T5C 15.84 158.21 S . EC G6.C1
«15C g.5¢& B5.65 S+6C G6.C1
«8CC 9.51 99.07 1C.CE 1CC.£2
+E5C 5469 96.85 1.5 1C5.52
.5CC 4,78 47.85 1{.51 1€G. 14
=92C l.14 ) 17.3¢ 11.C1 11C.12
-9EC 2.50 24 .9¢ 11.CE 11C.54
1.CCC 4a55 49.92 11.24 . 112.42
1.05C 4.C4 40.42 . 11.41 . 114.67
1.1CC «B2 a.16 11.5% 115. 89
1.12C <&l 6415 11.¢&C 116.C3
1.1¢C 1.24 12.32% 11.62 116.31
1.2CC 1.&7 16.6E 11.17C 117.C4
1.28¢C 1.22 12.22 - 11.78 117,76
1.3CC 50 5.0z 11.8¢2 118.1%
1.35C .Cé€ +56 i1.83 116,22

i
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TABLE 6, ISCO SPECTRAL IRRADIANCE DATA

WILLIAMSTCN

b4

CATE &~ 5-73 TIFE CS%3C TITLE = TCTAL FHENI
SPECTRAL IRRACIANCE SPECTRAL TRRALCIANCE CUMLLATIVE CLNLLATIVE
WAVELENGTY MILLIWATTSY ’ O WATTSY INTECRATEL IRRACIANCE INTEGRATEC IHRACIANCE
[MICRCHKETERS) {Ckxe2 + MICRCMETER) (Me%2 ¥ MICRCMETERY - VMILLIWATIS / CM #% 2 WATT: 4 M *% 2

24lC ' - L 1£7.865 .CC .CC
AES 31,40 315.98 LEC €.C5
+4EC 35,686 1%8.8% 1.45% l4.4¢
475 c1.&C 516.CC .54 25.42
-5CC SC.57 5C9.12 3,82 2g, 24
«52C 47,C3 470,25 4.BC 48.C4
.52¢ 46,25 462,51 €.C4 SC.37
+SEC 47.8% 47B.46 €.21 £E2.14
«57% 44,22 442,18 7.3¢ T.t4
«ECC €1.23 512,26 E.%€ £5.5¢8
«&1C 45,54 459.4¢ S.CE 9C.E2
«EZE 48,1 483,2¢ S.EC ce.CC
fESC 47,04 471.4C 1€.65 1C%.64
7% 49,56 485.61 12.2C 122.C2
LTCC 45,168 491 .84 1,3 113,67
.72C 44,21 442,06 14,28 142,81
. 725 4CLER 4Cg.a1 14.45 144.53
L 15C 39,51 365,11 15.5C 154,68
JT5C 2E,19% 3181.51 E,.5 154.5¢
«BCC 25.21 252.CS 17.CE 17C.E2
SBSC 2E.ES 266.87 1€.3E 183,81
.GCC 15,43 154.235% 1€.42 164,34
£G3C .65 50.52 16.7% 15754
-GEC 1026 1c2.8¢ 16.62 . 166417
1.CCC 15.€63 196.132 ‘ 2C.EE ZLELE5
1.05C 17.¢68 176.84 ’ Z1.¢C 215.5¢8
l1.1¢C 4,%C 44 .9¢ ZZa.1% Z21.52
l.12C 2.24 22.1% Z2.22 £22.15
1.15¢ €.C1 &0.CE 2Z.34 273,43
1.2CC S.5¢ 95,64 2i.13 £27.22
1.285C B.4E B4.T8 23.1¢8 Z¥l.e3
1.3C¢ 4.¢6C 45,55 27.51 . 235,10
1.35C .1C . 9L 22.¢1 z1t.78

i3 {

NYDIHDIW 40 AUSHIAINA FHLSIMOLYE 08 ¥ NMH MO M ATHANHOA




WILLIAMSTGN

CATE @2~

WAVELENGTF

E-13

(MICRCMETERS)

€g

«4(C
422
«45(
«415
+5CC
«52C
«525
«5EC
«57%
+ECC
«61C
¥
«EEC
615
«7CC
«T2C
« 725
«15C
«75C
«8CC
«BSC
«5CC
«G3C
a95C
1.CCC
l.0<C
l.1CC
1.16C
1.15¢C
l1.2CC
1.25C
1.3CC
1.35C

TABLE 7.
TIME (G*34 TITLE = CIFFLSE
SPECTRAL IRRACIANCE SPECTRAL IRRACIANCE
MILLIRKATTS/ WATTS/
(CMZ22 > PICRCMETER) {vex2 % RICRCFETER)

1C.5¢& 1C5.62

28.2% 282.92

26.67 269.1C

41.3¢C 413.0C

316.5C 164.95

31.6¢ 316,57

3C.1C 106.99

25.26 292.61

25.78 257.7¢

27.5¢ 275.62

26.59 265,87

29.C1 250.0%

22.82 228.2¢C

22.85 22B.41

19.€3 196.27

18.¢7 186.71

16.66 1€8.6C

l4.4¢ 144,63

8.6C 85.99

.63 96,32

£.51 8S.CE

4eB4 48445

1.63 16.27

1.85 18.45

4.34 43,1¢

3.45 34,54

1.22 12.19

«55 545

.53 Q.32

1.36 13.56

1.CS 10.88

54 5.44

oC4 .37

ISCO SPECTRAL IRRADIANCE DATA

CUMULATIVE
{NTECRATEC IRRACIANCE

T MILLIWATTS / LM ®e 2

«CC

<45
1.18
2.C2
2.CC
2.é8
2.84
4.59
£.28
.54
£.21
€.EC
T.2C
T.77
£.2C
E.eg
g.117
S.1¢
G.1¢
S.E2
ic.ce
1C .42
iC.5z2
1C.5¢€
1C.71
1C.51
11.C2
11.C4
11.C¢
11.12
11.1€
11.22
11.24

. CUMLLATIVE
INTEGRATEC IRRACIANCE
WATTE / F *4 2

«LC
4.86
1l.76
2C. 26
Ac.Cd
16.E3
18,35
45.88
€2.7¢
56.43
£2.14
te.Cl
71.%8
T1.€5
E3.CC
BE.E2
ET.72
Sl.€4
Sl.t4
Séel5
1CC. g2
1C4,27
1C5.24
1C5.59
1C7.12
1C9.C8
Lic.2%
11C.42
11C.65
111.22
111.83
112.24
112.38

NYEIHOIN 40 ALIBHIAINA 3H, STHCLYNGETY NNH MOTIIM ATHINNO

W1




WILLEAMETEN

CATE &-

WAVELENGTH+

LTS
-

{MICRCMETERE)

¥s

i3

TABLE 8. ISCO SPECTRAL IRRADIANCE DATA

TIME (9245

SPECTRAL IHRACIANCE
PILLIWATTSY
[Ch*xe2 * NICRCMETER)
15.1¢
23.1%
4C.23
96.3C
£8.17
54.72
4,16
S4.E4
-
£Ge44
57.64
55.74
£4.25%
£7.C1L
52.C3
51.07
46,62
44,44
2767
25.5
31.11
LE.45%
6.5
1C. 48
22.42
15.88
€.45
24175
Eot2
1C.73
1C.57
6.CéE
-1C

TITLE

= TCTAL +EFM

SPECTRAL -IRRALIANCE
WATTS/
(M%%2 % MICRCMETER)

151.59
237.54
402,28
563.CC
5RL.e5
847,24
S541.86
548,35
SiB.EE
594,78
576. 36
557 .40
542,46
570.12
520.32
510.70
466.2%
444 .40
176.171
295.83
311.85
184 .5¢C
6h, 45
104.75
224.1¢
198.85
84.51
27.45
EL.20
107,26
1C5,12
60,55
.GE

CUMLLATIVE
INTEGRATEC I1RRACIANCE
MILLIWATTS / CM ¢% 2

.CC
€1
1.54
Z.18
4,2%

& 2

s.es

1.C1

Ea3%

G.Th
i€.22
11.17
12.5%
12.54
15.13C
1e,32
LELSE
1i1.72
11.72
i€.4C
(.52
2Z.15%
22.52
ZZe1C
22,52
£4.5¢8
25.24

[ 17

pry P )

25.47
25451
2E k4
ZELBE
27.C1

CUFLLATIVE
INTEGRATEC [RRALTANCE
WATTS 7 M %3 2
-CC
£.12
15.317
27.E1
42.5C
E3.78
£&.51
TCa14
£3.48
57.35
1C2.25
111.74%
12%.5C
125.41
153.C4
1€3.35
1€5.75
177.17
177.17
163.69%
2L5.1¢
221.55
22%.31
221.02
Z22%.25
iunh. B2
£252.41
A53.33
Z54..T4
£55.07
EEhauC
Zt8455
1005

A3
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KILLTAMSTCN

CATE €~ 5-713

WAVELENGTH
{MICROMETERS )
<4CC
HZE
-45C
a4 15
.5CC
.52C
«5ZE
.55C
«57%
ECC
«61C
N¥L
«65C
YL
.7CC
+72C
125
.75¢C
«75¢C
«BCC
«B5¢
.5CC
LT
«SEC
1.CCC
r.0sC
l.1cC¢C
1.12¢
l.15¢C
l.2CC
Ie25¢C
.3cCC
1.35¢

94

TABLE 9. ISCO SPECTRAL IRRADIANCE DATA

TIME (S*4g

SPECTRAL TRARACIANCE
MILLIWATTS/
(CMe32 = MICRCMETER}
ll.e8
26. ¢4
34,.8¢C
31.5¢C
34.€1
3C.51
3C.37
28.11
24.C03
25.96
24.¢6¢
23.1%
2C.8C
2C.18
17.1¢
l6.68
14.85
13.¢1
11.51
8.C5
Ta712
3.78
1.5,
1.83
3.17C
2.58
15
«43
. EE
1.15%
«EE
«42
+C5

TITLE = DIFFUSE
SPECTRAL TRRACTANCE
WATTS/ ‘
(M*%2 % MICRCMETER)
118.82
266445
A48.04
375.0C
346.11
309.11
303,78
281.Cs
240G.26
259.61
246,€3
231.8¢
207,59
201.7¢
171.5¢
166,19
148.45
13G.08
115.C5
80.48
17.24
37.8¢C
15.5C
18.32
36.96
29.84

7.52
4.25
8.8%
11.88
8.01
4.24
+51

CUMULATIVE i
INTEGRATEL IRRACIANCE
MILLIWATTS / CM 3¢ 2

.CC

48
1.2¢
2415
2.C5
2.1
2.8¢
4459
5.24
5.87
Eal2
t.48
T.02
1454
8.C1
B.2¢4
€.42
E.T7
E.77
S.2¢6
S.EE
5«54
1€.C2
1C.Ce
1C. 15
1C.3¢
1C.4¢€
1C.47
iC.as
1C.54
1C.58
1C. €62
1C.64

" CUMLLATIVE

INTEGRATEC 1RRACIANCE -

WATTS 4 M %3 2

«LC
4.82
12.5C
L2154
30.55
3t1.Cé
lg.58
45485
52.41
CHett
£l.19
C4. 78
.28
15.4C
ECL.CT
€3.45
B4,24
EY.T2
ET.72
52.¢1
9é.55
55.43
1€C.23
1cC.5¢
1Cl.55
1€3.¢62
1C4.56
1C4.68
1Ca.E8
1C5.4C
1{5.52
1(&.24
1CE.36

Wi{
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WItLIAMSTCN

CATE E-

WAVELENGTH

£-73

(MICRCFETERS)

9¢

.4CC
«42%
«45C
L4475
+SCC
«5EC
«5e%
-S5C
.57¢8
g
E1C
«Cct
E5C
«E7E
<7CC
«72C
«7ec
+T5C
+TEC
+ECC
L850
+5CC
.93C
«SEC0
1.C€C
1.C5¢
1.1CC
1.12C
1.15C
l.2CC
l.25¢C
1.3CC
1.35C

TABLE 10, ISCO SPECTRAL IRRADIANCE DATA

TIME 1C%CC

SPECTRAL TRRACIANCE
MILLIWATTSY
{Cr2xs2 % MICRCMETER)
1E.42
I%.ES
45,€9
€€.1C
EE.(E
tC. €1l
E£C.e7
El.ET
cTa.le
EELCS
£4.%51
€2.34
£C.E2
£2.55
SEBe24
5€.57
£2.5%
5C.5¢
41.13
32.5%
23,58
21.16
E. 74
12.02
24.62
2l.52
8.52
3.17
T«Ca
11.55
11.72
€.5E
«C7

FITLE

= TFCTAL tEV

SFECTRAL IRRATIAMNCE
WATTS/
(k*%2 # FMICROFETER}

184.15
398 .94
456.52
taT.CC
LEQLTE
60614
£06.69
61€.7C
571.38
£60.5C
645.C09
£22.4°5
cCa.32
635.51
582.45%
569.74
5259.52
5C5.0C
411.3%
225.92
339.82
211.95%
8142
130.2¢
248.1¢
219.1¢&
85.21
31.67
T0.42
119.52
113.27
£3.7¢8
«EE

CUMLLATIVE
[INTEGRATED IRRACIANCE
MILLIWATTS / LM %3 2

’ CC
.13
1.€6C
1.2¢C
4,8¢
£.12
£a.42
T.6¢
Sed s
1C.5S
11.€4
12.56
14,12
15.€65%
17.21
1£.2¢
18.63
16.5¢
15.582
cle77
£2.42
£4.81
£S.2¢6
£5 .48
2442
21.5¢
2E.2%
2Ea47
2B.E2
25.1¢C
25 .68
3C.14

2(.2

CLMLLATIVE

INTEGRATEL IRRACIANCE

CRATTE

/¥ ¥% 3
+CC
1.25
17.G¢
32.C3
48.82
€1.25
£4.32
15.¢&2
Sh.417
1(s.87
1Le. 36
12¢.651
141,21
156485
172.CE
183.¢&C
186434
166.23
155.23
2l7.¢¢
224,3C
248.1C
252.5%
284 ,1¢
2€4.23
275.61
283.52
B4 . €5
2. 22
ZSC.97
2% TS
aC1.27
IC3.13

TR
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WILLIAFETCN

LATE E-

WAVELENGTFH

£-13

(MICROMETERS }

A

«4€C
¥
«45C
2415
«5CC
«5¢C
«32%
«5EC
515
«6CC
«&1C
w£28
«EEC
«£75
«1CC
«12C
«TZ2E
- 15¢
«15C
~8CC
«85C
-6CC
«G3C
«95C
1.CCC
l.C5C
1.1€C
l.12¢C
1.15¢€
1.2CC
1.25¢C
1.3CC
1.3EC

TABLE 11. ISCO SPECTRAL IRRADIANCE DATA

TIME 1C*04

SPECTRAL IRRADIANCE
BILLIWATTS/
(CH%%2 &= MICRCMETER)

l4.38
25.3%
37.15
39.6C
34,61
30.€7
3C.37
2E8.169
24h.1E
25.54
23.58
22.58
2047
15.54
1617
16.C1
13.55
12.85
14.68
T.57
£.57
4.0
1.45
2.10
3.458
2.81

- 77

«5C

-84
1.18

« 8%

42

-C5

TITLE

= LCIFFUSE

SPECTRAL IRRACIANCE
WATTS/

(Mex2 % MICRCMETER)
143.77
293.5C
3T71l.54
396.CC
346,11
20E.1%
303.75
281.86
241461
265,42
239.7¢
229.813
204.73
195.42
161.567
160.15
139.5C
128.47
146 .7%
75.7C
69.68
40.955
14.88
21.01
34.88
28.C8
T.7C
4,59
9.3¢
11.88
8.9C
4.17
51

CUMLLATIVE
INTEGRATELC [RRACIANCE
MILLIWATTS / CM ®3 2

.CC

-1
1.28
.34
2.27
2.52
4.C7
4.EBC
CatE
€.CE
€.23
E.EB
T.22
1.72
8,17
8.49
E.57
£.5C
£.6C
S.46
5.82

1C.1C
1C.1E
1C.22
1C.3¢
1C.51
1C.&C
1C.€2
1€.€4
1C.£5
1C. 14
1C.17
1C. 78

CUNLLATIVE
INTEGRATEC IRRACIANCE
WATTS / P #3% 2

.CC
.41
13.79
23.38
312.86
35.15
4C.71
48.C3
£4.58
EC.TS
£3.27
£E.79
12.22
17.22
El.bS
£4.90
£5.65
£5.CC
E5,.CC
$4.57
SEL2C
1CC. 57
1CL.eC
1C2.16
1£3.5¢
1€5.113
1¢£.C3
10615
106, 3¢
16 BE
17,28
107.71
IC1.83

T
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WILLIAVMETEN

CATE &-

WAVELENGTF -

5-13

(MICROMETERS)

gc

«4CC
425
«45C
LTS
«5CC
+5C
.92%
«58C
«S515
.ECC
sCLC
N -
5L
<678
ST1CC
« 720
» 725
«15C
- 15C
-BCC
JBEC
«9CL
«53C
«GEC
1.CCC
1.05¢C
1.1€C
lal2C
1.15¢C
l1.2CC
1.28C
1.3CC

1.25C

TIME IC*®1E

SPECTRAL IRRACIANCE
¥YILLIWATTS/

{Cre%x2 % NMICRCMETER)
21.52
40.14
EC.53
T4.5C
12.317
£€7.73
€7.8¢
£5.5C
€2.8¢C
15.15
12.56
1C.57
¢7.25
10.8¢
£€5.22
63.1C
57.5¢
54.7¢
42.7E
46,11
37.4€
2€.74
1C.C4
13.18
28,22
25.18
S.EE
4,35
T.15
13.21
12.27
€.6G8
Y3

TABLE 12. ISCO SPECTRAL IRRADIANCE DATA

TETLE

= TCTAL FKEWV

SPECTRAL IRRACIANCE
LWATTS/ )

AM#%2 & VMICRLCMETER)
215.1¢
401,138
505,24
745.CC
123,665
e77.3C
617.57
£55.C4
638.CC
157.94
129.56
105 .6E
672.0¢
708.&2
£52.24
£30.59
579.64
S47.82
427.8C
481,C8
3I74.6C
257.4C
1C0.44
131.77
282.24
251.91
9&.&EC
43.5C
Tt.52
122.12
12z.171
£9,1F
4,63

CUMLLATIVE
INTEGRATEC [RRACIANCE
MILLIwATTS /7 CM %% 2

.CC
.17
1.5C
.41
S.3C
€.7C
1.C4
E.l¢
1€.42
12.17
12.61
12.55
158.71
17.494
15.14
2C.42
ZC.12
Zéal4
Zi.14
24.41
Ze.58
2E.132
28,67
2€.5C
25.63
21.27
3z.14
12,.2F
A7.4¢
1z.GE
33,62
14.1C
14.26

"CLMLLATIVE

INTEGRATEC
WATTE

[RRACIANCE
FAN L 2 B
.CC
T.71
15.C4
14,67
€3.C3
€7.04
.41
E7.56G
IC4.25
121.7C
12G.14
136.5C
157.14
114.4C
161.47
2C4.25%5
2C1.28
221437
¢2l.21
244405
2ETL4E
ZE1.2E
EELLESD
ZBEB.S1T
£6G.32
I12.€8
321.36%
322.15
324460
125.E4
136421
341.07
242.%5

i3
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TABLE 13. ISCO SPECTRAL IRRADIANCE DATA

wILLIAMSTCN
CATE &~ 5-73 TIME 1C*20
SPECTRAL IRRACIANCE
 WAVELENGTF MILLIWATTS/
{MICROMETERS)  (CM#%2 % PICRCMETER)
24CC 11.53
425 27.8%
JAEC 33,36
W45 36.5¢
.5CC 313.17
.52¢ 3C.18
.52% 25.8%
.55C 28.34
.51¢ 24.83
«&CC 23,46
et1€ 23.43
- tZ5 22.51
© L65C 20.41
€15 15.¢61
LTLC 16.£¢
728 16.C1
728 14.25
LTEC 12.52
.75C 8.7¢
CECE B.CE
L85¢C 7.17
.5CC 3. £
.513C 1.52
.$5C 1.82
1.CCC 3.46
1.CSC 2.5
1.1¢C .52
1.12¢ .5C
1.15¢C «51
1.2CC 1.1£
1.25C . &S
1.3CC .43
1.25C .C3

TITLE = CIFFUSE

SPECTRAL IRRACIANCE
WATTSY
(F$22 » MICRCMETER)

119.32 °
278.89
133.5¢8
369.0C
33i.72
301.84
298.85
283,29
248.34
234.55
234.217
225.12
204 .08
196.14
166.6¢
160.1%
142.4%
129.24
B7.55
80.60
71.65%
38.85
15.1%
18.17
34.5¢
27493
G.2C
4,99
9.C5
11.64
8.9C
4.31
«25

‘ CUMULATIVE

INTEGRATEL IRRACIANCE

MILLIWATTS / CM #% 2

«CC
.sc

1.2&
.14
2.C2
2.E5
2.8C
4.5
1%
S.8C
t.C2
t.3E
£.51
Ta4l
.87
8.19
8.27
E.€C
g.6C
S.02
S.4C
Set8
S.7¢
$.8C
G.G2
1C.Ce
IC. 1€
1C.1%
1€.21
1C. 26
1C.21
1C.35
10.3¢

CLMLLATIVE
INTEGRATELD ITRRACIANCE
WATTS /. M %% 2

.CC
4,58
12.¢&3
21242
3C.17
26.51
1g.C1
45.26
5154
€1.51
&C.32
£3.76
tG.13
14.13
18,67
Bl.93
E2.ES
EE.C4L
B6.C4
GC.24
S4.05
Sha.B81
ST.62
5755
5G9.217
1CC. &4
1C1.7T¢
1Cl.51
1€2.12
1C2.£3
1C2.15
1C3.48
103.5%9

T
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03

WILLIAMSTCN

CATE &- £5-73

WAVELENGTEH
(MICROMETERS}

4CE
<425
“45C
+41E
«5C0C
«52C
<525
«595C
.51¢
«E0(
«G1C
«€25
«E50
SETS
«1CC
-72C
.72%
<150
<7EC
+E0C
.BEC
«SCC
«53C
«GEC
1.CCC
1.C8C
1.1C¢C
1.14C
1.15C
1.2CC
1.28C
1.2¢C
1.25C

TARLE 14, ISCO SPECTRAL IRRADIANCE DATA

TIME LC*3C

SPECTRAL IRRALIANCE

MILLIwWATTS/
(C¥%x2 * MICRCMETER)

15.C1
51.12
54,66
TS.7C
17.31
Tl.6C
72.Ct
13.€5
E£L.SE
75.56
73.55
T1.7¢€
£5.E3
14.C2
£G.CS
£7.C8
£3.11
5T.62
43.59
44.52
4C.7¢C
27.¢61
11.5E
L4.E4
21.1C
27.3%
1C.45
4,117
E.04
14.18
13.3cC
€.55
«15

TITLE = TCTAL FEM

SPECTRAL IRRACIANCE

WATTS/
(We%2 % MICRCMETER)

190.71
511.1¢
546.92
197.CC
173.14
719.02
120.C9
736.51
LEG 2
755,88
139,90
T17.81
£98.269
14C.260
690.47
670.84
&31.12
579.34
419,92
449 ,1¢
406.9€
216.15
115,78
148, 3¢
311.04
2113.36
104.52
47,68
g0.3¢
141.84
132.9¢
£9.5¢C
1.54

CUMLLATIVE-
INTEGRATEL IRRALCIANCE
FILLIWATTS /7 CM 3% 2

«CC
.EE
Z2.2C
1.BE
E.EB4

a7

1.5

S.5z
11.27
12.C¢%

I.EBC
14.5C
1€.¢61
1€.4¢
2C.2%
£l1.€1
c1.54
22.4¢

2,45
ZS.LE
21.82
£25.52
3C.11
ac.3e
31.57
EF
32.512
314.C5
34,28
34,82
3%.5¢2
2¢.02
3¢.21

CLMULATIVE
INTEGRATEC IRRACIANCE

WATTE

FAE
.CC
£.17
é2.CC
3g.EC
£E.a3
72.33
TELG2
$%.15

112.72

13C.55%
138.(3
l4E.SE
1E£. 68
ledatd
Z02.53
2l€. 14
215436
234,22
234452
ZSELTE
278.1¢
£6%5.27%
3C1lel=

L
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TABLE 15. ISCO SPECTRAL IRRADIANCE DATA

WILLIA¥STCN

CATE ¢&-

WAVELENGTrH

5-73 TIME 10#34

SPECTRAL IRRACIANCE
MILLTwAYTS/

(MICROMETERS} . (CM#%2 * MICRCMETER)

19

«4CC
«42%
«4EC
«415
.5CC
«52C
«52E
«55C
+57%
«&CC
«£1C0
2625
«&5C
«E718
«1CC
£72C
« 725
«715C
«78C
= 80C
<85C
+SCC
«52C
«S5C
i.CCC
1.C&C
l.1CC
1.12G
1.15¢C
1.2CC
1.2¢8¢C
1.3Cc
1.35¢

12. 88
25.17
32.21
ae. 3¢
33.80
3C.C2
28.52
27.11
23.C8
24.2%
22.81
2l.64
19.3¢C
l18.21
15.32
l4.7¢
13.2¢C
11.8C
11.21
8.52
6.54
4.45
1.5¢
1.€5
3.28
2.82
«95
«5C
«7C
«18
. C6
«CS
-L5

TITLE

= GIFFUSE

SPECTRAL IRRACIANCE
WaTTS/
(M#%2 % KICRCMETER)

128.61
291.7¢
322.73
383.,CC
338.02
3C0.21
289.17
27i.1¢C
230.84
242.9¢
228.¢8
216.35
152,96
182.¢8
153.2¢
147,60
132.C4
117.97
115.C9
85.1¢
69.43
44.55
15.02
16.91
32.8¢C
26.17
9,54
4.99
§.9¢€
7.8C
.62

- 49
.51

CURLLATIVE
INTEGRATEL IRRACIANCE
MILLIWATTS / CH *% 2

«CC

»522
1.2
218
3.CE
2.72
2.8¢
4.5¢€
S.15
£.7E
£.C2
£.35

E.B¢
1.32
1.15%
E.CS
Bul?Z
8.42
.42
£.93
S22
S.£1
Se.7C
S.1713
S.85
1C€.CcC
1C.Cs
1¢.1C
1€.12
1C.1¢
ic.18e
1C.LE
I1C.18

CUMLLATIVE
'INTEGRATED IRRACIANCE
WATTE / M %% 2

.LC
5.2%
12.53
21.7¢
3C.77
37.15
48.62
45.63
51.5C
ET.82
EC. 18
63.51
EB.E3
13.22
17.51
80.52
£l.22
E4.34
4,34
ES.35
53.21
SE.CE
S&.55
$T.27
9E.52
56465
1Co.€e8
ICl.C3
1C1.21
1C1.58
1C1.75
1C1.B2
iCl.84

'wmaz

NVSI;iOIN A0 ALUSHIAINN IHL STHQLYHOAYT NNYN MOTTIM AHIAWHOS




TABLE 16, ISCO SPECTRAL IRRADIANCE DATA

WILLTAMSTCN

29

CATE &- S-73 TIME 1C#4% TITLE = TCTAL HEW

SPECTRAL I[RRACIANCE SPECTRAL IRRALCIANCE CUMLLATIVE CLMLLATIVE

WAVELENGTF MILLEWATTS/ WATTS/ INTEGRATEC IRRALIANCE INTEGRATEC IRRACIANCE

(MICROMETERS) (CM*%2 * MICRCWMETER) {Me22 & MICRCVMETER) MILLIWATIS / CM %3 2 KATTS ¢/ ¥ %3 2

. 4CC 21.C3 210.27 «CC .CC
2% £€3.07 530.170 +53 S.26
«GEC ET. 40 574.04 2.31 23.07
475 B&.CC 860.0C 4,10 41.CC
W5CC 283,.€1 236,07 €.22 CZsil
520 17.19 177.92 7.E2 7E.34
«528% T7.25 173.5¢ £.22 £2.22
.85 TE.2¢6 T62.62 1C.14 1€1.42
«57¢ E6.21 B62.11 lz.17 121.73
+8CC 84,56 Ba5.64 l4.21 143.C7
«61C 16.7¢ 167,61 15.12 1£1.26%
EZE 8. €€ 186.5¢ teL2z 163,17
«E5¢ 7€.C% 760,88 16.25 1€2.52
615 79.51 7195.09 2C.2C 2Cl.5¢E
«7CC T4.13 T4t.23C ZZ.lE 221.17
-72¢ Ta.61 146412 Z3.6C 238.C4
+ 125 (- P h ] 687.C7 23.9¢ 236,863
JTEC £1.01 cl8.1:2 25.55 255.54
«TEC 54.3¢C 42,58 25.56 255.%4%
L8CC 4E,28 462,84 2€.11 ZEl.CS
«85¢ G624 462 .42 IC, 42 3C4.22
.9CC 313.¢1 336,15 32442 126,18
«53C 12.18 121.82 22,11 131.¢5
. .SEC 17.11 171.11 13 ,4¢C 233,58
1.CCC 23, 4¢ 314,56 34,¢¢ 14¢,62
1.05¢C 26.28 292.82 3e.23 1€2.31
1.1C¢C 11.325% 113.5C 37.2% 172.47
1.12¢C 4,7C 46 .98 37.41 2114.C7
1.15¢C 1€.23 102.31 27,61 37¢.31
l.2CC 15.58 159.84 38,25 AEILEE
1.25C 14.7C 146,55 35,05 I5C.54
1.3CC 12.24 123,44 1,713 2¢7,2C
l.25¢ .Cl .07 4C.C4 4CL 4 3E

A3
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WILLIAMSTCN

CATE

WAVELE

E_

NGTEH

5-13

[MICROMETERS)

£9

«4CC
1425

T&5C

1
1
1
1
H
1
1
1
1

«A15
«SCC
«52C
«52%
«55C
«57%
«£CC
«&1C
w&28
+E5C
«€15
+7CC
«T2C
o 3
- 15C
“T5C
-8CC
-88C
+50C
«52C
«5%C
-CCC
- C5C
«1CC
sl
«15C
«2CC
w50
-2CC

«35¢C

TIME 11*CC

SPECTRAL IRRACIANCE
FILLIWATTS/
ICHE32 % MICRCMETER}

24.12
55.51
£C.E6
90.30
B8.51
Bl.Cé
$7.2C
92.35
8C.5¢
83.12
B2.€5
El.C8
18.24
E2.4¢
19.42
77.11
12.13
65,21
12.82
48.11
43.22
1C.51
12.93
15.1C
35,28
3l.18
1C0.38
5.53
12.21
17.14
15.78
€.59
«C4

TABLE 17. ISCO SPECTRAL IRRADIANCE DATA

TITLE

= TCTAL FEM

SPECTRAL IRRACIAKCE
WATTS/
(Mas2 & NMICRCMETER}

241.24
585.1C
606.58
903.CC
883.11
810.64
372.0C
923.5C
acq.é62
837.2%
§26.48
810.82
782.4C
B24.67
794,25
177.11
121.3¢%
652.C8
128.17
481.08
432.18
305.1C
129.27
191.02
3152.8C
3lt.79
102.84
55.33
122.12
171.136
157.717
69.92
.37

CUMLLATIVE
INTEGRATEL IRRACIANCE
MILLIWATTS 7 CM %% 2

«CC
1.CC
ettt
4,32
£.57
£.27
B.72

11.C8
13.2¢
15.32
1€.15
17.2

19.27
£1.28
22.4C
244517
25.35
271.07
27.07
2E.5S
2C.e8
22.12
22.37
13,65
25.C%
3E.71
37.7¢
27.51
3E.1E
2E.51
35.73
4C.2C
4C.4E

CUMLLATIVE
INTEGRATEC IRRACIANCE
WATTS / ¥ #% 2

«LC
9.55
24."8
43.35
£5.175
82.74
€71.2¢C
1i1€.SC
122.57
153.15
1El.4a7
173.75
153.¢&7
€13.17¢€
233.5%
24%.71
253.47
27C. 71
21C. 71
2E5.G4%
ce.717
127,20
333.72
33€.52
26C.52
3e7.13
217.52
275.12
281.78
389.11
357,34
4C3.0C4
4C4.79

A3
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WILLIAMSTCN

CATE -

WAVELENGTF

c-73

[MICROMETERS)

F9

W4LC
“4iS
L4EC
<415
.5C€C
«5ZC
.52
.55¢C
.575
.&CC
<E1C
625
JEEC
675
.7CC
.72¢
.72
L75¢
J75C
.8CC
.B5C
.SCC
.92¢C
+S5¢C

1.CCC

1.C5C
1.1C¢
l.12¢
1.15¢C
l.2¢c
1.25¢
1.3¢C
1.28

-2

TABLE 18. 1SCO SPECTRAL IRRADIANCE DATA

TINE 11#0¢

SPECTRAL IRRACIANCE
MILLIWATTS/
{CME#2 % MICRCNETER)
14,43
3C.5¢
41.C4
43.32C
37.45
12.88
3l.ge2
25.11
25.51
2€.73
25.42
24,06
21.15
2C.6C
17.44
16.4¢&
14.52
13.CS
1C. 85
8.25
7.5¢C
4.1%
1.7¢
2.13
"3.6C
2.76
.52
.52
.se
1.25
.52
4k
.C1

TITLE

= CIFFLSE

SPECTRAL FRRACIANCE
WATTSY

(M%e2 % WICRCMETER)
144.25
05,61
410.42
433.0C
374.88
228.84
118,32
251.C7
255.07
267.2¢
254,15
24C.€2
Z1l.sC
205.9¢
174.2E
164,57
14$.2C
120.5¢C
108.8¢6
82.88
T6.51
41.5¢
17.€5
21.23
36.CC
27.53
g.31
5.22
9.75
12.48
9.26
460
.C7

CUMLLATIVE
INTECRATELC IRRACIANCE
MILLImATTFS / CM 2% 2

-CC

14
l.4t
-3
2.52
4,22
.36
I
£.82
E.4E
€.15
.12
T.68
£.2C
g.68
G.02
S.1C
S.4°%
5.4%
G.G32
1C.2z2
1C.€1l
i€, 7¢
1C.74
1C.EE
11.C4
11.12
11.15
11.17
11.23
b1.2€
11.32

11.22

CUMLLATIVE
INTEGRATEL -IRRACIANCE
WATTIS / M %% 2
«CC
fGe.€2
14.57
2%.12
35.21
42.23
43,817
51.45
£8.31
£4a.E4
£T.45
Tlele
Tea€2
£E2.04
E6.EC
GCal9
5C.c7
Chadd
G4, 47
5526
1C3i.21
Iceal2
LC7.CC
~1C7.35
ICe.E2
11C. 42
111.3%
Iilaas
1l1.72
li2z.2e
112.82
113.17
113.2¢

w3
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TABLE 19. ISCO SPECTRAL IRRADIANCE DATA

WILLIAMSICN

CATE &-

WAVELENGTH

5-73 TINE 11%#15

SPECTRAL [RRACIANCE
MELLIWATTS/

{MICROMETERS) {CM*22 % MICRCMETER)

«4CL
625
«45C
«415
+5CC
«520
«52%
«55C
« 575
-6CGC
«&1C
«£25
«65C
«E1%
«7CC
«7eC
« 125
«T5C
«T5C
-8CC
~85C
«9CC
=93¢
«95C
1.0CC
1.08¢C
1.1C¢C
1.12C
1.15¢C
1.2CC
La.25C
1.3¢CC
1.35C

: 22.€6
€l.12
65.16
5%.3C
1€2.7¢
93.5¢C
G2.58
BS.1&
Bl. 771
96.C5
S4.15
€9.58
87.24
92.317
86.84
83,645
78.11
71.99
5G.4%
51.19
55.¢6
35.95
l4,.£5
2l.¢1
39.C2
34.71
1C.8C

6.C9
12.7¢
15.51
17.21
t4.3¢
«17

YITLE

= TCTAL FEP

SPECTRAL IRRACIANCE
WATTS/
(#ex2 + MICROMETER)

226.517
611.22
691.5¢
$93.0C
LC27.5¢
934,97
925,83
891.65
817,65
960.44
94l.88
859.175
812,38
923.74
Beg.28
836.85
781.C6
719.93
594,94
511.8¢
556.92
35%.5¢5
l46.417
216.14
390.24
347.07
107.58
£0.5C
127.75
165.1¢
i712.Cc7
143.59
1.69

CUMULATIVE
INTEGRATEL IRRACIANCE
MILLIWATTS / CM % 2

+CC
1.C5
2.68
4.78
Te21
S5.21
S.712
l1¢.C1
l4.14
1€.27
17.32
1E.7C
2C.51
é3.1€
2t.4C
21.1C
27.51
25435
25.39%
22.15
314.82
At.12
37.87
ZEQZII
3G.75
41.6C
42,13
42.5C
43,16
53,568
44.51
45.7C
q6.0¢

CUMLLATILVE
INTEGRATED IRRACIANCE
WATTSE /4 ¥ %% 2

«CC
1€C.47
2€.76
47.81
13.C7
52.7C
§7.3%8
12c.¢C7
l141.43
1€3.66
173.17
1€6455
2C9.14
231la59
2£3.5%
271.C4
275.C9
253.85
£63.85
321.52
34B.24%
371.15
21874
2e2.37
357.53
415.66
427.34
426.C3
431.8¢
436,53
445411
457.CC
4€C.63
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WILLIAMSTCN

CATE €=

WAVELENGTFK

£-13

{MICROMETERS }

99

+4CC
«42%
«4E(
475
«5CC
«52C
«32¢
«96C
-.57¢
«&CC
«E1C
«E28
LEEC
E7E
«ICC
«12C
« 75
$75C
<120
L8CC
+85C
+9CC
«93C
«55C
1.CCC
l.C5¢C
1.1CC
l.12C
1.15¢
1.2CC
1.25¢C
1.3CC
1.35¢C

TABLE 20. ISCO SPECTRAL IRRADIANCE DATA

TIFE 11%*15

SPECTRAL IRRACTIANCE
FILLI®WATTSY

(CH¥22 & MICRCMETER}
1€.77
¥3.513
3.EC
48.CC
41.2¢
2t.13
3€.13
33.1¢
2B.32
3C.35
29.133
27.3¢C
26,45
23.7¢
19.51
16.1%
17.1¢
15.423
13. 74
1l.14
S.21
9.22
l.54
2.48
~he 43
3.7C
l.1t8
N 3
1.22
1.54
I.1¢
. W EC
. C4

TITLE

= G[CIFFLSE

SPECTRAL IRRALILANCE
WATTS/

(W32 » MICRCVMETER)
1€7.72
3335.2¢
386.C1
480.CC
412.£4
367,28
3el.26
331.78
2831.32
2C5.54
293,3¢
2T12.51
244.5C
237.61
199.09
191.8¢€
F71.58
154,32
137.43
111.2¢
93.11
52.2C
19.37
24.81
44,32
37.C4
11.84
6.5C
12.15
15.286
11.6C
&.01
« 37

CUuMLLATIVE
INTEGRATEL IRRACIANCE
MILLIWATTIS / CM #»% 2

.CC
wt3
1.52
2a.€1
2.732
.21
4.ES

L1

=
-2

32

1.C¢

1.3¢

1.7%

E.42

S.C4

S.SE

557
iC.Ce
1C.4a7
1€.47
11.L5
11.&C
11.67
1z.C7
1Z.12
12.26
12.5C
1£.£2
12.64
le.te
le.72
l12.EC
el
bz.bg

CLMLLATIVE
INTEGRATELC IRRALIANCE
’ WATTS / N 2% 2 °
-LC
€.25
15.3C
ébal3
27.2%
45.C5
4€.51

L ll'll

- e

£3,26
TCa€2
13.¢€1
17.58¢
£4,.33
SC. 36
55. 62
5%.72
1CC. 3
1€4.71
1C4.71
11€.53
11£.C4%
119.¢€7
12C. 7%
121.16
1£2.52
124.55
126.17
126436
1éeat4a
1271.32
£28.CC
12E.44
128.6C
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WILLIAVMSTCN

CATE £~

WAVELENGTH

5-11

(MICROMETERS)

L9

~4CC
<425
«48C
<415
+5CC
«520
+525
<550
«517E
-&CC
-£1C
«£25
314
«67%
«7CC
«72C
«TZE
-TEC
«15C
“BCC
«BSC
«SCC
«52C
«95C
1.CCC
1.05¢C
1.1CC
1.14C
1.15¢C
1.2CC
1.25C
1.3CC
1.35¢

TAELE 21. ISCO SPECTRAL IRRADIANCE DATA

TIFE 11%23

SPECTRAL IRRACIANCE
MILLIWATTSS/
{CMa%2 * FICRCMETER)

’ 26,41
£C.35

El.44

S6.3C

$3.C5

BS.E4

5.2%

87.22

81.37

G417

G3.1¢

SC.l8

BT.43

52.1¢

85.517

E4.517

TEa33

71.S6

£4.,34

£95.73

54.C5

39.55

14.55%

2C.CC

36.5C

15.41

16,32

£.CG

11.25

1E.47

17.45

13.717

- 12

TITLE

= TLTAL HEM

SPECTRAL IRRACIANCE
WATTS/
(M¥22 & VMICRCMETER)

264%4.08
603.9C
674.38
$93.CC
930.4¢&
B5&6.4%
852.913
873.22
8l3.6¢€
941 .¢5
931.57
5Cl.81
814,33
G21.62
855.67
845,75
783.3C
719.92
E43.44
5574t
5640.54
2895.5%
145.54%
200.03
365.04
354,12
163.18
60.9¢C
112.92
184.48
174.5C
137.¢65

1.2C

CUMLLATIVE

INTEGRATEL [RRALIAANCE

MILLIWATTS / M
«CC
1.CE
Z.68
4.7
117
E.S¢
G329
11.54
12.6%
£.8%
1€.18
18.1¢
éC.28
Z2éakz
2heB4
2€.%55
2€.5%
28.p2
28.82
31.82
34.5¢€
2€.52
3t.13
3E.CE
26,.5¢
41.44
42.73
42.95
42.22
43,.5¢
44 B¢
4E.€4
4¢.CC

3 2

CUMLLATIVE
INTEGRATEC IRRACIANCE
WATTE / b *% 2

+CC
1C. 85
2E,. 83
47.€7
7171
ES.5E
53,868
115.43
136.52
158.46
167,83
181.58
2C3.78
£26.23
248445
265.46
2£5.53
288,132
288,32
318.34
345,176
2£5.2C
3ITT. 21
28C.T7
IGELES
414.37
427.31
426455
432.1¢
43G6.¢6C
44R.58
45£.38
4€C.LCC

Y
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TABLE 22, ISCO SPECTRAL IRRADIANCE DATA

WILLIAMSTCN

89

CATE E- 5-72 TIME 1123C TITLE = TCTAL FEV
SPECTRAL IRRACILANCE SPECTRAL IRRALCIANCE CUMLLATIVE - CUMLLATIVE
WAVELENGTH : MILLIWATTS Y WATTS/ IANTEGRATELD IRRACTANCE INTEGRAYEL [RRACTAANCE
{(MICROMETERS } (Cv*%2 * MICRCMETER) (M#%2 ® MICRCMETER) MILLIWATTS / CM %% 2 RATTS 4 M 2% 2

«4CC 2G. 18 251.717 «CC .CC
-42d5 53.5¢ 535.58 l1.c2 1C.34
«4E5C £5.3¢ £53.56G £+52 2%.21
W47 G€.3C $563.CC 4.54 45.41
«5CC B5.45 854,95 €. 21 t8.14
«52C 85.15 €51.54 £.5¢2 £5.2C
-52¢ €l.4C 814.C5 £.54 ES.37
«5EC 11.18 it11.84 1C.52 106,16
«857E €5.25 652.52 12.75 127.5C
2&CC T4.54 T45.42 14.5€ 145.47
«t1C 71.53 T19.2% 1£.28 1€2.79
€25 £L.52 EES .24 1€.32 it3.18
+55C 5%.21 562.67 17.8% 178.5C
«£15 €1.137 €13.72 15.4C 153.58
«7CC 51.85 518.91 £C.81 2C8.14
720 51.5% 515.8¢ £1.85 Z18a.4%
« 725 4Ea 1T 46T7.T4 £2.CS é2C.55
«15C : 36.&C 366.02 2.14 231.37
«T15¢ €1.4C £13.66 23.14 £21.37
.8CC 55.18 5N P 2€.C5 26C.51
<850 55.31 553.14 ZE.E81 2EB.112
«SCC 38.11 3BL.1% Il.15% 311.4%
«52C0 15.C7 150.6¢ 2l.5¢% ’ 215.41
«55C ' 2C.81 208 .CS 22,31 3Z23.Cs
1.CCC 4C.C8 4CC.80 32.83 138.28
1.0s¢C 35.E% 358,453 3€.72 387.2¢
1.1CC 14.4€ 144.5¢% 3e.s¢E AES . RG
1.12¢C €.3C £2.5% 27.16 : 3711.51
1.15¢ 12.4¢ 124.81 A7.47 274,73
l.2¢cC 14,33 143.28 2E.14 3El.42
1.25C 1C. 71 1¢r.c? 2e.T1 1ET.E8
l.3¢CC E.b2 84.2C 25.2% 262441
1.35¢C 15 1.91 15 .4¢L 254,62

T
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69

WILLIAMSYCN

CATE &~ E-173

WAVELENGTF
MICROMETERS)
. «4CC
H25
«45C
«47%
«5CC
«52C
«52%
N-1-1H
«57E
«ECC
«&1C
w£E5
«EEC
«E15
< T1CC
«72C
« 7125
«15C
«75C
-8CC
«85C
«SCC
.52C
«SEL
1.6CC
1.C5C
l.1CC
l.12¢C
l1.15C
1.2CC
1.25C
1.3C¢C
1.35¢

TABLE 23. ISCO SPECTRAL IRRADIANCE DATA

TIME 11%#32

SPECTRAL IRRACIANCE
MILLIWATYSY/
[CM*%2 % MICRCMETER)

17.C2
2¢.42
44,21
fle.3C
47.C2
42.29%
41.495
3%.C1
33.72
2€6.82
35.52
32.23
ic.15%
28.56
24.64
23.84
2C.5¢
16.213
17.74
1€.52
12446
T.24
2.€8
.18
6.45
5«34
1.G4
«53
1.73
2.5¢
2.C0C
i.18
«Ca

TITLE

= CIFFLSE

SPECTRAL IRRALIANCE
WATTS/
{Mx&2 * MICRCWMETER)

170.17
364.117
442,.0¢
513.GC
470.1¢€
422.91
415.51
390.14
237.17
368.1¢8
355.18
332.28
3Cl.e8
289,64
246419
238.37
209,63
192.3C
177.44
1£5.19
124.87
72.45
26.81
31.92
64 .48
53.38
19.43
9.28
17.35
25.56
20.05
11.81
37

CUMLLATIVE
INTEGRATEL IRRACIANCE
MILLIWATTS / CM #2 2

«.CC
&7
1.8
2.87
4.1C
4,65
€.2C
€.21
T.12
E.CC
B.3¢
£.88
S.E7
1C.41
11.CE
11.5¢
1l.68
12.18
lé.18
13.c2
13,.7¢
14.2%
14.4C
14.4¢
14.7C
15.C¢
15.18
15.21
.25
15.35
158.47
15.5%

15.5¢

CLMLLATIVE

INTEGRATEC IRRADTANCE

WATTS / ¥ %%+ 2

«LC
£.68
16.76
28.7C
4C.59
45.52
52.C1
€2.(8
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) ERIM

LANSING
Time

7:00am

8:00am
9:00am
10:00am
11:00am
12:00N

1:00pm

2:00pm
3:00pm

JACKSON
7:00am

8:00am

9:00am
10:00am
11;00am

12:00N

1:00pm

2:00pm

3:00pm

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Table 24 WEATHER DATA

Wind

Sky & Ceiling Vis Pres Temp Dew Dir Speed
10,000 ft. 7 mi. 1020.2 62° 58 190° 7 kts.
Scattered
Clear 7 mi. 1020.4 65° 58 190° 7 kts.
Clear 11 mi. 1020.3 70° " 60 200° 11 kts.
Clear 11 mi. 1020.3 74° 64 210° 10 kts.
Clear 11 mi. 1020.2 79° 65 220° 8 kta.
3,500 ft. 11 mi. - 1019.5 82° 66 190° 10 kts.
Scattered
3,500 ft. 8 mi. 1019.5 84° 68 220° 12 kts.
Scattered

- --NO READING _—— ——— —
30,000 ft. 8 mi. 1018.1 86° 68 260° 8 kts.
Scattered
25,000 ft. 14 mi. 1020.5 59° 56 CALM—~————
Scattered, Thin plus
9,000 ft. 14 mi. 1020.5 65° 60 180° 5 kts.
Scattered plus
25,000 ft.
Scattered, Thin
25,000 ft. 7 mi. 1020.4 71° 61 210° 8 kts.
Scattered plus
10,000 ft. 7 mi. 1020.9 75° 63 210° 9 kts.
Scattered plus
10,000 ft. 7 mi.  1020.9 78° 64 190° 10 kts.
Scatterad plus
4,000 ft. 5 mi. 1020.1 80° 66 210° 10 kts.
Estimated Haze
broken
3,200 fe. 6 mi. 1019.9 83° 68 210° 12 kts.
Measured Haze
broken
3,500 ft. 5mi. 1019.6 84° 69 180° 12 kts.
Scattered Haze
3,500 ft. 5 mi. 1019.0 85° 70 200° 10 kts.
Scattered Haze

-71-



 ERIM

BATTLE CREEK

Time Sky & Ceiling Vis

7:00am 15,000 ft. 10 mi.
Estimated, Broken

8:00am 3,500 ft. 10 mi.
Scattered
15,000 ft.
Estimated, Broken

9:00am 3,500 ft. o 10 mi.
Estimated, Overcast

10:00am Clear 5 mi.

Haze

11:00am 4,000 ft. 5 mi.
Broken Haze

12:00N 4,000 fe. 5 mi.
Estimated Haze
Broken

1:00pm 4,000 ft. 5 mi.
Estimated Haze
Broken _

2:00pm 4,000 ft. 5 mi.
Estimated Haze
Broken

3:00pm 4,000 ft. 5 mi.
Estimated Haze
Broken

GRAND RAPIDS

7:00am Clear 10 mi.

8:00am 3,500 f£t. 3 mi,
Scattered

9:00am Clear 9 mi.

10:00am Clear 9 mi.

11:00am Clear 9 mi.

12:00N Clear 9 mi.

1:00pm 4,000 fe. 10 mi.
Scattered ‘

2:00pm 4,000 ft. 12 mi.
Scattered

3:00pm 4,000 ft. 13 mi.
Scattered
25,000 ft.

Scattered, Thin

FORMERLY WILLOW RUN LABORATGRIES. THE UNIVERSITY OF MICHIGAN

Table 24 Con't.

Pres

1019.9
1020.2

1019.8
1019.8
1019.8
1019.5
1018.9

1018.5

1018.2

-72-

Temp

Q

63

o]

65

66

76

77

80

80

82

84

62
65

70
75
79
82
85

88

89

Wind

Dew Dir Speed

57 190° 7 kts.
57 200° 10 kts.
59 220° 12 kts.
64 210° 8 kts.
65 210° 10 kts.
69 260° 8 kts.
69 240° 11 kts.
70 220° 10 kts.
69 230° 10 kts.
57 190° 5 kts.
59 180° 4 kts.
62 200°. 7 kts.
65 210° 8 kts.
67 220° 11 kts.
68 230° 10 kes.
66 220° 10 kts.
65 230° 13 kts.
64 250° 12 kts.



) ERIM

BAY CITY
Time

7:00am
8:00am
9:00am
10:00am
11:00am
12:00N
1:00pm

2:00pm

3:00pm

FL.INT

7:00am

8:00am
9:00am
10:00anm
11:00am
12:00N
1:00pm

2:00pm

3:00pm

Sky & Ceiling Vis

25,000 ft. - 7 mi.
Thin
25,000 ft. .5 mi.
Thin : Haze
Clear ‘ 6 mi.
Haze
25,000 ft. 6 mi.
Thin, Scattered Haze
25,000 ft, 4 mi.,
Thin, Scattered Haze
25,000 ft, 5 mi.
Thin, Scattered Haze
4,000 ft. 5 mi.
Scattered ‘ Haze
3,500 fr, 5 mi.
Estimated ~ Haze
Overcast
3,500 ft. 6 mi.
Qvercast
25,000 ft. 8 mi.
Thin, Scattered
Clear 8 mi.
3,000 ft. 10 mi.
Clear 8 mi.
Clear 8 mi.
Clear 8 mi.
3,000 ft. 7 mi.
Scattered
3,000 ft. 7 mi.
Estimated, Overcast
4,000 ft. © 7 mi.

Estimated, Overcast

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Table 24 Con't.

Pres

1020.1
1020.1
1019.7
1019.7
1019.3
1019.0
1018.7

1018.0

1017.6

1020.3

1020.4
1020.1
1020.1
1019.7
1019.4
1019.0

1018.8

1018.0

-73-

Temp

62°

0

64

69°

72°

76°

79°

820.

83°

Wind

Dew Dir Speed
0

59 180 6 kts.

Est.
60 190° 10 kts.
Est.

61 190° 13 kts.
o3

64 210 9 kts.
]

68 190 13 kts.
Q

69 210 12 kts.
o

72 200 10 kts.
[a]

72 210 12 kts.
0

72 190 15 kts.
0

57 200 5 kts.
0

59 200 5 kts.

61 210° 8 kts.

60 210° 10 kts.

63 230° 10 kts.

65 220° 11 kts.

66°  230° 11 kts.

67 230° 7 kts.

67 200° 12 kts.
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FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Table 24 Con't.

DETROIT
Time Sky & Geiling‘. Vis Pres
7:00am Clear 4 mi.
Haze, Smoke
8:00am Clear 4 mi,
Haze, Smoke
9:00am Clear 5 mi.
Haze, Smoke
10:00am Clear 6 mi.
Haze, Smoke
11:00am Clear 8 mi.
12:00N 4,000 ft. 8 mi.
Clear, Scattered
1:00pm 4,000 ft. 7 mi.
Estimated, Broken
2:00pm 4,000 fc. 7 mi.
Estimated, Broken
3:00pm 5,500 ft. _ 6 mi.
Estimated, Broken Haze
DETROIT METRO
7:00am Clear 6 mi. 1020.8
Haze
8:00am Clear 6 mi. 1021.1
Haze
9:00am Clear 8 mi. 1020.9
10:00am Clear 15 mi. 1021.3
11:00am  Clear 15 mi. 1021.0
12:00N 3,500 ft. 15 mi. 1020.6
Estimated, Broken
1:00pm 3,500 ft. 12 mi. 1020.1
Scattered
2:00pm 3,500 ft. 10 mi., 1019.6
Scattered '
3:00pm 4,000 ft. 6 mi.
Estimated Haze, Smoke
Broken

—T4—

Temp
64°

68°

72°

76°

78°

79°

0

80

80°

84°

59
63

70
75
78
80

81
B2

81

Wind
Dew Dir Speed
58 ~—=~—=CLEAR~—~~
60 230° 3 kts.
60 230° 4 kts.
60 240° 11 kts.
59 260° 11 kts.
61 220° 16 kts.
62 240° 14 kts.
62 250° 10 kts.
o

64 230 10 kts.
58 210° 3 kts.
60 260° 4 kts.
64 230° 5 kts.
64 250° 10 kts.
59 240° 11 kts.
64 230° 10 kts.
65 210° 13 kts.
66 240° 10 kts.

59 8 kts.



D ERIM

YPSILANTI

Time Sky & Celling Vis

7:00am Clear : 10 mi.

8:00am Clear ,110 mi.

9:00am Clear 7 mi.

10:00am Clear 10 mi.

11:00am Clear 10 mi.

12:00N Clear 10 mi.

1:00pm 4,000 fe. 10 mi.
Scattered

2:00pm - - 4,000 ft. 10 mi.
Scattered ‘

3:00pm 3,500 fr. 8 mi.

PONTIAC

7:00am Clear 7 mi.

8:00am Clear 10 mi.

9:00am 12,000 ft. 7 mi.
Scattered

10:00am 12,000 ft. 7 mi.
Scattered

11:00am 12,000 ft. 7 mi.
Scattered

12:00N 4,500 ft. 7 mi.
.Scattered

1:00pm 4,500 ft. 7 mi.
Estimated, Broken

2:00pm 4,500 ft. 7 mi,
Estimated, Broken

3:00pm 4,000 ft. 7 mi.

Estimated, Broken

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Table 24 Con't.

Pres

1019.3

-75-

Temp

60°

65
71
75
77
79
80

o]
o
o]
O
¢]

0

81°

g1°

64°
67°

72°

76°

80°

8a°

81°

81°

83°

Wind
Dew Dir Speed
57 240° 4 kts.
60 230° 3 kts.
62 220° 5 kts.
61 230° 10 kts.
61  230° 10 kts.
62 230° 10 kts.
63 220° 10 kts.

O
64 210 13 kts.

O
66 240 13 kts.
57 e —CAT M=
58 ————CALM———-
60 220° 5 kts.
60 240° 10 kes.
60 240° 8 kts.
60 240° 12 kts.
61 240° 12 kts.
63 240° 10 kts.
64 210° 10 kts.
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Z FORMERLY WILLOW RUMN LABORATORIES. THE UNIVERSITY OF MICHIGAMN

APPENDIX 1. RALIANT POWER MEASURING INSTRUMENT

The Bendix RPMI {Radiant Power Measuring Instrument) is capable of
making both radiance and irradiance measurements in four spectral regions
in the visible and near infrared. The four spectral regions correspond
to the ERTS MSS (Earth Resources Technology Satellite - MultiSpectral
Scanner) bands 4, 5, 6, and 7. Figure 1 shows the relative spectral re-
sponse of the RPMI for each of the four bands. (These data are from a
Bendix bi-monthly progress report*.) Calibration measurements made at
ERIM on one RPMI unit (S/N 100) are reported in this Appendix.**

The Bendix RPMI uses a transmissive diffuser to obtain a Lambertian,
hemispherical, field of view. Since information was lacking on the
angular response characteristics of the diffuser on the RPMI, measurements
were made at ERIM to determine those characteristics. The data presented
are normalized to the signal level at a zenith angle of 0° and alsoc were
corrected for the expected cosine response so that an ideal cosine
receiver response would appear as a straight line with a magnitude of 1.0,
The information is presented in a manner that indicates directly the
difference between the ideal and real cosine recéiver. The diffusivity
measurements were made with the spectral band as a parameter. The data
obtained are presented in Figures 2 through 5.

To make radiance measurements with the RPMI, a tube is installed over
the cosine receiver, thus restricting its field of view. While data were
available giving the effective solid angle of the instrument in this con-
figuration, there were no data on the angular response. Therefore, measure-
ments were made at ERIM to determine the angular response using the four
wavelength bands as parameters. These measurements were made using a source
which has an extent of 1/2° (Note: the extent of the sun also is 1/2°).

The data are presented in Figures & through 9. The angular responses presented
are absolutely correct only when a source has an extent of 1/2° because of

the source used. The measurements are the result of the convolution of the

*Report Period 1 April to 1 June 1973, Contract NaS5-21863, Experiment PR303.

**The work described in this Appendix was performed under Contract Number
NAS5-21783, Task VII (MMC 136) for NASA's Goddard Space Flight Center,
Greenbelt, Maryland.
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RELATIVE RESPONSE

ERTS RPMI {and MMS)
BENDIX HPHI FILTEHS Band 4 Band 1
* Band S Band 2
Figure 1 A Band 6 Band 3
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RELATIVE RESPONSE OF THE BENDIX RPMI's COSINE RECEIVER
ERTS Band 4, or RPMI Band 1

Figure 2
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" RELATIVE RESPONSE OF THE BENDIX RPMI's COSINE RECEIVER

ERTS Band 5, or RPMI Band 2

Figure 3
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RELATIVE RESPONSE OF THE BENDIX RPMI's COSINE RECEIVER
ERTS Band 6, or RPMI Band 3

Figure 4
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RELATIVE RESPONSE OF THE BENDIX RPMI's COSINE RECEIVER

ERTS Band 7, or RPMI Band 4

Fiéure 5
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Z L. FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

1/2° source with the actual angular response of the instrument. An example
of the smoothing produced by an extended source is illustrated in Figure 10.
The example shows how a particular angular response is affected by being
smoothed with a soﬁrce having an extent of 1°. B

Independent radiance and irradiance calibrations were also made by
ERIM personnel. The cbjective of radiometer calibration is to establish
an accurate relationship between the output signal, S, and the irradiance
or radiance within the spectral band of operation of the radiometer. That
is,

S = RE(, to A,)

for irradiance (E) and

s = RLL(Al to Az)

for radiance (L) where the proportionality constants RE and RL are to be

determined and Al and Az are the band limits.

The band of operation is found for each radiometer channel by normali-

zing the respective relative spectral responsivities r(A) to the peak. Thus,

o

ax = [ rooar

determines the bandwidth, AX, and

(=]

A = [ Ar(a)ai

o

determines the band center, X. Therefore, the band limits, Al and kz, are
Al = X - AA/2
A = X+ AX/2

The values of RE and RL can be determined by exposing the radiometer to a

source providing a known spectral irradiance or radiance and cbserving the

resulting =signal,

Thus,

It

(l)'PE

(2) R

S(observed)/E(Al to Az)

S(observed)/L(Al to Az)

-90~



ERTS Band 4, RPMI Band 1
Figure 6:

RELATIVE RESPONSE OF BENDIX RPMI
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Relative Responge
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RELATIVE RESPONSE OF BENDIX RPMI
ERTS Band 5, RPMI Band 2

Figure 7
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RELATIVE RESPONSE OF BENDIX RPMI _ . |
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Figure B
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Relative Response
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Figure 10
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where E(ll to‘lz) and L(Al to Az) are found by numerical integration of the
known spectral irradiance or radiance between the band limits Al and AZ.

If one assumes that the radiometer responds linearly with incident
flux, then the exact relationship between output signal and the irradiance
or radiance in the band of operation has been found for all sources which
have the same gpectral distribution as the calibration source.

The proportionality'constants in Equations 1 and 2 are correct only
for a target that has‘the same relative spectral irradiance or radiance as
the calibration source. The source used for the calibration was a tungsten
lamp, and since the instrument is used ocutdoors, it is desired to find the
relationship for sunlight, the spectral distribution of which is markedly
different from that of a tungsten source. Also, the spectrum of sunlight
at ground level is different from that outside the atmosphere, and can vary
throughout a day and from day to day.

The signal, S{sun), could be calculated (instead of ocbhserved) by

the relation

o

S(sun} = RE(peak) fo r (A)E, (sun)dA

and, hence, the reguired constant, RE(sun) could be determined by

o

RE(sun) = RE(peak) for(A)EA(sun)dl/E(Al to A2! sun)

if the value of Rﬁfpeak) were known. Values for El(sun) are tabulated in
references or can be calculated. (Note: The relative spectral irradiance

of the source may be used because the ratio
o -

for(A)EA (AYAX/E(A) to A,)

is independent of the absclute magnitude of EA(A)') The results of a cali-

bration experiment with a tungsten standard lamp allow the value of RE{peak)

to be computed since.

o

S = RE(tung)E(Al to Az, tung) = R(peak)for(A)EA(tung)dh.
Consequently,
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RE(tung}E(ll to A _,tung)

2
7 () E, (tung)ar

R{peak) =

Therefore, by substitution
[ rOIE, (sun)a@A/E(, to X, sun)
R (sun) = — R (tung)
[ £ (ME, (tung)dA/E(X) to A,, tung)

The relaticn

5 = RE(s‘un)E()tl to A, sun),

2
is the desired exact relationship between output signal and irradiance in
the band of operation for all sources which have the same spectral distri-
bution as sunlight.

A suitable constant of proportionality may be derived for any other
kind of spectral distribution in the same way as for sunlight.

In géneral, if one defines a source constant, KE(i}, for the ith
source asg

o«

K (1) = [ z(VE, (1,)dV/EQ to A,i).

then the relation between the values RE(i) and the RE(calibration) isg

KE(i)

RE(i) = KE(calibration) RE(calibration}

and the exact relationship between output signal and irradiance in the band

of operation is
S = RUEN, to i),
Wwhen the spectral distribution is not known, the best overall com-
promise value for Rﬁ is RE(peak). to yield the best overall accuracy.
The irradiance calibration was performed using a standard of spectral
ifradiance. The radiance calibration was accomplished using a reflecting

panel of 3M White Paint illuminated by a standard of spectral irradiance whic

is traceable to NBS. The calibration constants were evaluated using Equatiol
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1, for the irradiance constants, and Equation 2, for the radiance constants.
Table I contains the calculated values of the reciprocals of the proportionality
constants R, (peak), RL(peak), Ry, and R, for each of the RPMI bands. The
reciprocalsuare given because calibration constants are conventionally given

as multiplicative constants (i.e. in data reduction the expression to be
evaluated is E(Al to 12) = 5 RE_l where S is the meter reading, and RE

is the calibration constant).

The calibration constants presented in Table I cannot be compared
directly with the calibration constants reported by Bendix because Bendix
used a different calibration procedure and reported the reduced data in a
different set of units, The differences between the calibration procedures
and units have not yet been reconciled. .

Table IT gives the values of A\ and A as well as the constant K(cali-

bration} for the calibration sources.
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TABLE I

RPMI -1 -1 -1 -1
Band (REpeak) (RLpeak) (Rp) C(R)
- - - ) - : - -1\
ERTS (mw—cm 2) (mw-cm 2-ster 1) (mw—cm 2) Cﬂw-cm -ster 1
Rand unit . unit unit unit
1 4 .894 6d4.1 .847 60.7
2 5 1.130 80.1 1.198 84.9
3 o 1.35 03.4 1.471 10l1.8
4 7 1.928 133.5 1.799 124.6
_ -1 _ -1
B, = SiRps and L, = S;R;,
Ei = Irradiance in Band i
Li = Radiance in Band i
Si = Meter reading for Band 1
RE ™ and RL " = Irradiance and radiance calibration
i i

constants for Band i.

~99-



-00T-

TABLE II

Irradiance Standard Radiance Standard © hd
_ - - - [rmemia [ roazoia
RPMI ax A E(A, to })) !0 r(AMEQR) L, to A} [ roinpoan - -
- - : - - - E(A A A, to}
Band [um]) [pm] uW-cm ol -Cm 2 wW-cm 2—s|:er 1 o -cm z-ster.z.l . ( 1 to 2, L 1 2)
1 .080 .550 .206 .195 .0566 L0536 .947 .947
2 .103 664 .426 .452 117 .124 1.06 1.06
3 .124 .748 .612 .668 .168 .184 1.09 1.09
4 .196 .925 1.20 1.12 .329 .307 .933 .933




